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@ Alpha-Amylaee mixtures for starch liquefaction, 

@ An enzyme product comprising a mixture of the a -amy- 
lase from Bacillus lichentforttiis and the <r -amylase from 
Bacillus stearothermophllus . said mixture containing from 
10-900/6 by activity of the Bacillus lichenlformis enzyme. The 
amylase mixture Is advantajgeously used for liquefaction of 
starch or starchy grains. 
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Description 



This invention relates to starch hydrolysing enzymes. More specifically, the present invention Is directed to 
novel a-amylase compositions and their use for the overall enzymatic conversion of starch Into sugars, in 
5 particular High Fructose Com Syrup (HFCS). 

BACKGROUND OF THE INVENTION 
HFCS Is manufactured from high DX syrups, the term DX meaning percentage by weight of dextrose 

(D-glucose) calculated on the basis of dry substance (DS) of syrup. The overall enzymatic process generally 
10 adopted for conversion of starch Into high DX syrup is a two-stage process. The first step is the liquefaction, 

i.e. the hydrolysis of starch Into a mixture of oligosaccharides, the so-called maltodextrlns. This process Is 

catalyzed by a-amylases at a temperature of at least 75° C. preferably at about 90^*0 or by a Jet-cooking 

process wherein the starch slurry is heated for at least several minutes to 105 - 110*' C. usually with a single dose 

of a-amylase. and then held at about 90° C for at least I hour. In the primary stage of the overall liquefaction 
IS gelatinization and mechanical thinning of the starch slurry is effected. Further degradation (dextrinization) 

occurs in the secondary stage of the process. With respect to the jet-cool<ing process, reference is made to 

U.S. Patent No. 3.912.590. . 
A variety of microbial, particulariy bacterial, or-amylases are commercially available for the liquefaction 

process, for example BAN® (from Bacillus amyloliquefaclens) and TERMAMYL® (from Bacillus licheniformis) 
20 are supplied by NOVO INDUSTRI A/S. Denmaric. a-amyfases from Bacillus stearothermophllus are disclosed 

In U.S. patents Nos. 2.695.683 and 4j284.722. A Badllus stearothermophllus flr-amyiase (THERMOLASE®) Is 

available from Enzyme Development Corporation. NY, USA. 
While BAN ar-amylase Is only stable up to about 85** C and hence barely suitable for the jet-cooking 

process, both TERMAMYL and Bacillus stearothermophilus or-amylases are wefl adapted for this almost 
25 globally preferred mode of starch liquefaction because they are heal stable. The subsequent saccharification 

step In which the maltodextrins are converted Into dextrose is mostly catalyzed by a glucoamylase enzyme. 

Commercial glucoamylase preparations, usually derived from Aspergillus or Rhizopus species, are available 

from various manufacturers, e.g. as AMG® 200 L. a product Obtained from Aspergillus niger and 

manufactured by NOVO INDUSTRI A/S, Denmark. 
30 The Bacillus stearothermophilus ar-amylase has certain advantages over the Bacillus licheniformis enzyme. 

notably, a higher specific activity, a lower pH-optimum. and a modest Improvement in DX of the final dextrose 

syrup. 

The below-tabulated test results from laboratory scale comparative studies wherein the liquefaction was 
simulative of Industrial usage circumstances Illustrate the well-known fact that wereas the TERMAMYL 
35 -amylase under Jet-cooking conditions is rapidly deactivated at pH values lower than 6 even in the presence 
of elevated levels of Ca++ . the THERMOLASE -amylase, on the other hand, retains a substantial activity at 
a dosage level equipotent to that of the TERMAMYL enzyme (vide Infra) down to pH 5.6 or even lower 

However, the data also show that Ikiuefactlon with THERMOLASE entails a significant Increase In the 
formation of sediment measured after completion of the saccharification step as compared with an equipotent 
40 dosage of TERMAMYL Sediment formation is undesirable because, apart from causing an eventual loss of 
glucose it may also seriously impede the subsequent filtration of the glucose syrup. 

Apparently, the problem with undue formation of sediment associated with liquefaction with THERMOLASE 
when used In the normal dosage range for or-amylase can be avoided by doubling the THERMOLASE dose. 
However, such excessive dosage levels of a-amylase are undesirable for economic reasons, the normal 
45 dosage level being in the range of 40-80 NU/g DS. 
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Liquefaction iSnzyme 



TERMAMYL® 

85 NU/g DS 
« 

THERMOLASE 
50 NU/g DS 



TM 



TM 



THERMOLASE 
50 NU/g DS 

THERMOLASE 
100 NU/g DS 



TM 



Sediment Volume after Saccharificatioh . 
(% vol/vol) 
Licjuef act ion pH 

5.0 



50 



5,5 
2.5*,** 



10 



5.8 
2.0* 



6,0 
1.5 



25 



10 



15 



20 



* Accompanied by poor liueqfaction results 

** At PH 5.5 twice the usual Ca++ level was employed to 

stabilize the TERMAMYL* 



25 



30 



°" P***®^ invention to devise an a-amylase preparation wtiicii under iet-cooldnn 

SiIIhS^ B °^]^.?^ conducting the liquefaction process with suitable mixtures of B 

lichenBormls and B. stearothermophilus a-amyiases miAiures or b. 

,ni5.™f!f!I: *® ""^T- DX of the final syrup observed by using the amylase 

inSX If ^ compared with DX percentages obtained withlthe constituent Ses prse^ 

Indicative of a surpnsmg synergistic effect obtained by combining the two amylases. 

SUMMARY OF THE INVENTION 

According to its first aspect the present invention provides an ff-amvlasa eorhne«ifi«n ^nmr^ioin^ . 

mbrture of ^^yiases derK^ed from Bacillus lichenifonnte and BaiJ^SS^^s tt^f'SL: 

b«S?n°, f "J? m'? '° measurBdtnNU (vIdilfifFij of Bacll jgtfo J s a-S^ 
based on a total or-aWylase activity of the mixture of mvo mea^rad InUu " amylase, 

mltr^S oTSr^Ji^S^raSi^-^^"^ "^^"'^ ''-•^^ - 

h°'''"I^ to a further^aspect of the present invention there is provided a process for iiquefvlna a slunv of 
S^J^^'^^T ^.^'^^^'^V^^ nquefaction process wi'«, an a-jyiase coCsZc^mpS^^ 
^rJ^^^ '^'^J!^ Bacillus llchenlformis and Bacillus stearothemiophilu s. the SSe 
^ ^ "'"'"^'y ^''"^ ^^o- ac fvity measured in NU of BacM HJS KiheZS 

ff-amyase. based on a total or-amylase activity of the mixture of 100% measured Ih NU 

In one preferred mode of conducting the liquefaction process, the dosaae level of' the ««mvla.n 
composition does not exceed 100 NU/g DS of the starch slurry a-^ase 
According to a more prefentsd embodiment of the Invention, liquefaction Is conducted with a dose of the 
-amylase composition in the range of from 40 to 80 NU/g DS conauciea With a dose of the 

"""'^ preferred embodiment the liquefaotion process Is conducted by iet-cooklna at a 
rfleSgo^iScT-S^^^ 
pTbXhe^.'S^^?tSK^^^ 
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DETAILED DESCRIPTION OF THE INVENTION . u . ^ 

As has already been set forth above, the Bacillus lichentformls a-amylase of the mixture may be 
TFRMAMYL" or any Bacillus lichenifomiis derived a-amylase equivalent thereto. One ar-amylase from 
Bacillus stearothermoihiiusli commercially available as THERMOLASE®. Another a-arnylase denved from 

5 the same species and believ ed to be indistinguishable from THERMOLASE is produced by a microorganism 
identified £b ATCC No. 7954 as described in U.S. Patent No. 2.695.863. In addition, an ff-arnylase was 
oroduced by the inventors hereof by cuttivation of a Bacillus stearothermophilus strain accorded the Internal 
deslanation BPS-3. With respect to its enzyme chemical properties and Immunochemical charactenzation the 
BP^3 a-amylase has proved to be identical to THERMOLASE. Samples of this ^-a^lase have been 

10 available upon request to NOVO INDUSTRI A/S. DENMARK for more than one year prior to the date of this 

aoDlication and will continue to be so. . . . „ . j 

DEXTROZYME® was routinely used for the saocharfficaBon experiments. It is V^^fJ^j}"^;^^ 
and an addophllic. heat^table a-l.6-glucosldase (puliulanase) and is «"PP''«* ^y NOVO 'NDIJSTRI A^^ 
DENMARK. The enzyme mixture is described in further detail in an brochure (B 3208-GB). availabie upon 

IS request to the manufacturer. 

Assay of a-amylase activity ^ ^ ... 

The activity standarei NU (w hich is an abbreviation of NOVO -amylase unit) is the amount of enzyme vi»hteh 
hydrolyses 5^26 mg of dissolved starch per hour at 3r C. pH 5.6 and 0.0043 M of Ca^^, o)'^^ « ^-^5)'""'^ 
20 fMoMon time. A folder AF9 describing the analytical method Is availabie on request to NOVO INDUSTRI A/S. 
DENMARK; At the starch liquefaction operating temperature range of 90-IIO»C. the THERMOLASE® has been 
f^d to be more active than the TERMAMYL* by a factor of about 1.7. The test study results tabulated above 
which compared TERMAMYL* and THERMOLASE® at starch liquefaction temperatures was an equal activity 
level shidyLe.. 50 NU/g DS of THERMOLASE® is as effective as 85 NU/g DS of TERMAMYL® at the conditions 

A problem which has always been inherently connected with enzymatic staroh hydrolysis is the pH level at 
which the liquefaction should be conducted. Starch, as such, slurried for the starch llquefeollon process is at 
dH 3 0-5 0 Most grain slunles direcUy liquefied (such being employed for brewing, distilling and fuel ethanol 
processes) have a natural pH of 5.0-6.0 but contain significant buffering capacity. The Bacillus lichenfformis 

30 -amylase is best used at a pH 6.0-6.5. When this enzyme is employed alone at a pH of below6.0. hquefaction 
results deteriorate sharply. In addition., undesireable quantities of by-products, principally maHulose. are 
produced when this enzyme is employed at pH values higher than 6.2. „ c n c c 

In the high fructose syrup industry, therefore. pH of the starch sluny was adjusted upward to pH 6.0-6.5 
before Iquefaction with the BaciHus lioheniformis a-amylase. thereby inevitably increasing the salt content of 

35 the syrup and hence the expences incun^d by de-salting the final syrups, e.g. by Ion exchange 

The Bacillus stear othermophilus <r-amylase can operate well at pH 5.5-6.0. When starch liquefaction is 
conducted in this pH range, maltulose formation is substantially eliminated and colour and organic acid 
formation are reduced. Use of this a-amylase offers other advantages, such as amodest improvernent m the 
ultimate dextrose yield. However, as has already been pointed out. glucose syrups made from staroh liquefied 

40 with 40-80 NU/g dry starch of the Bacillus stearothenwophnus a-amylase possess a high level of sediment 

and, therefore, filter poorty. M.--..„^rf«i~,wr«r» 
Although we are not bound to any theory or explanation relating to seiflmentfonnation. the surprising drop 
therein obsen^ed by using the a-amylase composition of this invention may be due to differences in enzyme 
specificity and action pattern of the respective enzymes. ^ 

4S Starch is fomied of large complex molecules (mol. wt. above 1000 kD). It is envisioned that two a-amylases 
preferentially attack different parts of the starch molecule, each attacking most rapidly at sites less preferred 
and/or attacked more slowly by the other, and thereby, each enzyme quickly releasing fragments more 
susceptible to immediate attack by the other enzyme. The starch molecule Is knowri to possess both 
amorphous regions and regions of high crystallinity. The ciystalline regions are more resistant to hydrolj^is 

BO than the amorphous regtons. but become relatively more accessible to attack once bonds are broken in the 
neighboring amorphous regions. Then as crystalline regions are disrupted, more hydrolyzabie sites are 

^TSiefaction Is essentially the endo-attack by an a-amylase on the a.|.4-bond3 of the glucose polymer 
chains, which significantly lowers the viscosity of the gelatinized starch. 

At pH 6 5 (dose to the optimum for the Bacillus Hcheniformis enzyme) approximately 85% of the original 
activi^ remains after secondary IkjuefactionTAtth^pH optimum for the Bacillus stearothemophilus en of 
approximately pH 5.8. the activity remaining at the end of secondary liquefactton is 85-100%. 
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Enzyme Type 



Secondary liquefaction 
% residual activity 



TERMAMYL* 
85 NU/g DS 



6.5 
6.0 
5.75 
5.5 



85 
72 

. 63 
.43 



10 



THERMOLASE 
50 NU/g DS 



6.0 

5.75 

5.5 



74 
100 
83 



The high sediment levels which result from starch liquefaction wfth the Bacillus stearothermophllqs 
n.'Tr^i^-.nl'^l the immediate product of the primaor liquefacttoFirfhe sediment might be 

generated in he dexbin solution during the dextrfnization step. Apparently, some of the starch fragments 
generated by liquefaction with the Bacillus stearothermophllus enam.^ become an insoluble productXnS 
of the sediment indicates presence of carbohydrate and lipid mottles. When the Bacillus liohenffonrnls 
«-amylase IS employed at a pH lower than pH 6.0 more than the usual level of sedlmeFFite5~a ppears In the 
syrup solution However, the polysaccharides m the sediment generated from starch by each of the two 
enzymes at pH 5.5-6.0 are not the same. * 

Since starch ilquefecHon with greater than normal enzyme dosages of the Bacillus stearothemiophilus 
«-«lVlase reduces formation of sediment, and liquefaction with the Bacillus fch^o nnte enzyme at pH 
6.0^.5 produces ow sediment levels. It Is believed that failure to sever en'^Bally hydrolyzable linkMSS for 
set of linkages) in the starch molecule underlies generation of the sediment. " ' ""•«8«» lor 

For further understanding of this invention, the following specific examples are presented. 

Example I 

Uquefaction at pH 5.8 with an g-amyiase composit ion contalnlna 250/bTERMAMYLYL g-amvlase bv actlvltY 

~m llquete^on proceMwas conducted with a starch sluny containing 35oyb DS. The starch wa^ supplied by 
f^^f^J^'^^^^^^)-^'>f>«^^P^rimerAsCaCt2 .2H2 0 was used to adjust the concentration erf 
SLi ^aI^ST- T ^^'^ ^° a-amylase to match the salt coiitent dflERMAMYL 

(final conductivity of the sluny was 200 jiS). ™virviYiii. 

The Jet-cooking conditfcins were 5 minutes residence time at 105° C, followed by flash-cooling to 95' C where 
parallel secondary liquefaction experiments were completed after 60 and 90 minutes, respectively The 
resulting maltodextrins were saccharified with DEXTR0ZYH4E® 150/50 L (lot No. AMPP) at 60° C and dH 43 
The dose was 0.18 amyloglucosidase units and 0.062 pullulanase units, both per g of DS of maltodextiin' 
Sediment volume and DX of the glucose symp were detemilned after saccharification for 48 houra. The results' • 
including tliose for comparative experiments conducted with TERH4AI\/IYL* and BPS-3 a-amvtase atone are 
presented hi the fdltowlng table: ' ' 
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Table I 



g-anylcBe 



Tiite, second. 

Dose liquefact. Saccharification (48 hcurs) 
(W3/q) minutes Sediment, % (vol/vol) DX 



10 



15 



TERMMWL® 



75 5.8 60 

90 



4.5 
3.5 



95.7 
95.4 



20 



BPS-3 anylase 75 



5.8 60 
90 



U.5 
U.5 



95.7 
95.7 



BPS-3 aiiylase/ 56.25/ 5.8 60 
TEBMRMXL* 18.75 • 90 



8 
8 



96.2 
96.1 



The data of Table I show that DX values for runs with the amylase mixture are significantly higher than those 
^ obtained in experiments conducted with separate enzymes. The sediment level in the syrup made from the 
SSS;7n5.SliquefactlonIs8!gnifloant^lowe^ 



3S 
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Example 2 

LkiuefaetlonatpHS.Bwlthan g^amytase composition oontamino 50% T ERMAMYL g-amviase by activity in 

^e liquefaction and saccharifying conditions of Example I were employed with f SJ^^ "P^?' f"f ^ 
each erJzyme alone. The results, tabulated below, show unacceptably ^igh levels o^^sejmertw^ 
THERMOIJ^SE alone. Comparison of the DX values of the final syrups again reflects the synergistic effect of 
the amylases in the mixture. 
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IHE3?MaLASE 



,1M 



Time, second, 
liqgefgct. 
minutes 



Saccharification (48 hours) 
Sedijient, % (vol/vol) px 




75 



1HERM0LASE™/ 37.5/ 
TERMftMXL® 37.5 



5.8 



BPS-3 anylase/ 37.5/ 5.8 
TERMAMXL® 37.5 



5.8 



60 
90 

60 
90 

60 
90 



15 
15 

5 
4 

4.5 
4.5 



96.1 
96.1 

96.0 
95.8 

96.2 
96.1 
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Example 3 

FHterabllltv of glucose syru pa 

Tlie filtration rates for the syrups v^re SrSin^d^rfS fil^^^^ ^^^^ P™^'*^'' ExarTiple 2. 
the average of about 20 fiftratlon'cycirin m S "iSe ^0 omnoSJ!? ""^^ ^ 

percent by weight of DS. The results are SSed belij."^ ^ ^ «s ^ 

Table III 



TERMAMYL® 
TERMAMYL® 
BP 5-3 amylase 

TfiRMAMyji®/ 
BPS-3 amylase 



4 

5 

12 
4 



no 
94 

70 

99 



1.2 
1.3 
3.4 
1.5 



4S 



■ SO 



S5 



any 
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Claims 

T-S:' a".^yla3e coniposition according to Claim I. wherein *e .-amylase mixture contains from 
5Vn tiif Tirtivily "'^"■■"rt m Nil of Bacillus lichenlformis a-amy^ase. conductina the 

pH being held at 6.5-6.0 throughout the process. 
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